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· it is not surprising that reference is rarely made to mul:t;iproduct · 
. .. 
'¢:y:s.tems, a.net, in. pa·rticular, from a cursory. investigation of the · 
. . 
literature, no attempt has be.e.n made. to. s,t;,udy' a-.mllltipr:e.ciact · sysd;:em.. · 
·, . . . . . . ,, 
'. ~ . . :.r;{r•-,:'.., :• l'c•,,. ~. r., ,. . 
with learning curve proces·s-i~· " j_·me·si~::·- JJ?~ · 
°'; • });'~? I .-,-1 ,'" '• a ~.,-..-,; r • 
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in~olving· · muly
1
iprodl.lct· ass emlhly operations . with Ie-arni.ng ·curve pro-
ces·.s:ing times :an.o. -ser;tal-parallel rou.t·i.ngs. ~ pl~t t.o use this ritodel ... 
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decision rules. 
Background 
" 
The product.ion·' ::t'acil.ity· that l propose · to model is i.rrvo·1,;ed in 
. . -l . . . . . . . 
'the ·ma.nufacture of h'igh performance·· e!ect-ro-mech~ical equipment~ 
·-· ·~- •'• ' 
·.. l·t: ____ .. -· 
. -
_ .. This facility :Produce~· four products • 
. . 
In .gerie~aJ. tbe. assemlb.ly ot each producit' ·c8Jl be de:;cribe-d as a · 
flow ·shop op~rati<Jn w-ith parallel ~d:- seri.al . routings, as depicted 
i,n ·Figure 1, w-b.eretthe ·iµ.itial parallel. st~tions. invelve slib~sembly · 
- r 
-·-- ·- . 
operations · followed by .a final asseJiibly station~ (Sta.ti~n _ 4) ~hich · 
' 
. involver:; .tbe combining of' SJJ.°l:lS· to form a single, uP,it. · ·-'JJli~ r~ID.aini.rtg· 
~ .· . 
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~igtlre 1. 
. . 
1J?1:1:e 0pera/tions involved i~ ·this fac:Llity a.re basically ·oench- type-
.There .are virtu~lly .no :ma.qh_ine -cons.traint·s ·wf thin the fac-
·-~1i ty ~ . The. s:upervi~·or can aa:sign , ·a,ny opera.t,or t_o: .a.n.Y work. :st.~tion within 
" . 
-the: labor g:r,~de limitattons-. 
,, ... ,·. 
i,c·· c6s't-s. I. pl--an to allow for the start: up costs by in.:corporating learning 
. ... -':' , -· ---· . .. . 
curve: ,processing time~ whic~· can. "b~ establ:ishe¢! ·for ·e~ch, work station. from 
·. \: . 
the :small l.ot, a11ow~e factors found .in ij~g~hift~~'tVt:i:11er:~~~~,:~;:·::·, .. 
.•. , ,., . ' ' ... . '.r. '· ·, _.:. 
... o:rder.s a~e a d:i-r.ect· re$ult of' cus·tomer a·emanq, ~nd no atte:rnpt , has been made 
:to oat·ch o.rders •. Initial P'iece parts- and subas·semblies are ,:dr~wn from 
either the ma,,ke .shop area or· stock. Severa,l routings· of· th~ product are. 
PQ§Sib.le. ;Ii'or examp~e, a. ;pf·&iju~:1t:>whi~ii8.~_,ey$_~e~~J.f~~p~.-e:ti·~!J?· .. c'~:)b-~1:\;,Ji,e.1*:t,>to 
packing to b~ "shiJ>ped as a stand-alone ·~li or can be sent . !l~,tr11.:':'&i~he:r 
assembly facil1:ty t~ be:· include'd in another l)roau:trt-- line, or· can be re--· 
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' ........ _, .,.. 
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:2 • Bench type ope:r,atio~.S invoi,r~g J.·e~i.zr~ .. c~e: ~r,6ee-s.si_ng · 
. • ;...---r·~··_,,-':' 
.4 .• · ~ · N6 machin·~ constraints.~ 
. ·"'· 
1
···-·-·5"·.· Three bas·ic ievels.of·oper~tor sk.1lis,. 
6. ]flexibility .of the labor force With-in_ :grai.fie ,.level lilidtationI;. 
. . 
·tn. addit·ion.,: ·.my medel will ·include. the followi.~g assumptior1s:-:· -
. - . 
1. ~. Deterministic de~and; 
. . 
2. ·:· No initial piece part shoft:a·ge·s.·,-.. - 'SI. -
3. ·· Fixed due .a.ates, 
4. :No .-.Efc:rap or: r-ework, 
.5 •. · 'No w:orker interruptions. ·. 
Given a. mode·l with the above charact~ristics: and, ass~ptions., the 
' . 
que·stion :µow bec.o:nies: What· altern·a.t-ives should be· teste.d? · In de· ·. 
r . 
·s;ignd.~g ·my· exper·iment I will ·disti,nguish between decis.ions whicb 
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. ' . . 
-.. ~ff-e~t the :inpu.t t'~.- th~ fSi~f:t.ity ~Q. th9se which .will Oil.J-.Y afff:Ct . 
- w~at · is'· :p:roduced .. ap:<[ _ -$nve-ntorie4 at the . work:· stations· .. : 'I'hus. 
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. t.ested in this eategory. will be· the applicatiQ.n of a. b~se · 
~tock . ~ystem __ for e·ach prod.uct • 
.e:ach .station: Wo be tes.ted 'here ·will be decisions· as.· 
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:.simple as batchi~g four weeks o.f demand; dat,a to variatJ.ot1is 
·.of; the· Wagner-Wb.itin model ... 
Application of batchi~g: ~gorithm with inventory policie·s-· 
a.pp:lied to some·-·.Or all work stati·ons· !· Th.i,s category will 
. . 
include comb.inati-ons o.f_ de.·c:iEfions· f'rom -c.a.t_egori~s two and 
three. 
·To serve: as ·cr.fter~·a· for:· evaluat::tng: the vari.ous production and 
invent:ory decis-ion_ rule_s·, I :plan to use..__t_b.e- .following:- -
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2.. -Total :cost of pro.duotion, 
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cha.ractet-iz~d • by the nature· o:r· quantities .. ·· 
· :an,d · tJ.mihg of · orders of different items • 
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Indee·d · 'if there · were. no 
... · .·. . ... . ' . : .. · . . . . 
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.... ind(;_pen.deµt si:~lgle7statio~ .. PrOblems. . These 
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·_ of constraints on total inventory 1:eve.1s or stor.age space , 
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. ·_ duction. capacity .in 2erm.s of lab.or -.a.nd:/.or:: m.a.chine.~r .avEtilabl~., prf.,ce. 
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. (3} S~gle facility produ~:j.p.g ·one · product at a · t:frn.e, .~ 
I • •1• ~ 
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po:Liey a.s applied ·to multi-iteni inventory systems treats the 
a.s Ueepa.rable ,P-5 a,n.d disregards any ec·onomic interactipn .. · 
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f'or total · inirentofy eoets . · For · a jof~'B $rde•r !)oliey K (}.i.f'ferent. 
items .are SiM11J~ta.i',);eously- o"t"dere(I. in an optimum reorg.er ~eri<>d ~.<t> • 
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. :B·a.s.ed· ·on t:he elas:sie·al lot ·s·i·ze,· ·fe?'m11la, -the c(Qst · ra.t:t~o .. : .:....,_· ____ _ 
·: a. =._: (tota-1 ·cost · o·f .j,o:tp.t · .poliiey)/~(~:j~J;a.fZ:fr~$Jit of .. _ . 
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. ·.· ... ··. de.penden.cy w~s based on. the econonaca 'of· 
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· dri:$.eU.s$~~ .py Ign$.l;i:11 •d Bi:i,litftty2 
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-1~\®lle.J. •-o:r· the · proociuction. and .inventory contro·l _sys·"&em. µncler B.'.on-
_ siderati0n, the $et of {s,c,S) inv;enterylevels .:f'o;r eacn•p~~L~llet· 
i~; :.·~b~aine<i. An· a,l:go:ritnm · fo.r · c>b.t.ad.II~·'.ng ·ttte-~e:· i1a7vxe~~0:ry 1,eve:ls ,· ···, 
... for .·····~. _gene~al. ~ inve:nt·ory:r~~fbobl',em wft·ll·. arbi.tr-~ey de~(l. di.:strib'ut.ian.: 
· .. · is p:rtes,@ted. ·· .t~f~A demonst:r-$.te<l. ·ine;eithe triple o;rdEl;ri1'1g · · 
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polic·y approach does not nec~ss.a,r_i-ly. g~ve. ·0:pt1.mal. res1JIJts;-'-no14:e,if~:r., . 
tor -tp:e _inventory .prob,l~~;·c considered :by· Cu.riy3 thi:S. teehni:que· · · 
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.. rep.reseP:ted a·_ substantial. improveme.-nt ave~. those~ of. an- ·i-n.depe~<:tent. 
'P~Oduct· ana.Iys·is' ~ , .... 
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P:ierce18 considers ·the multi-item· lot eizin-.. g. prol:>l_em· ag~:tn 
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. (" .... ~ . ... .. __ ···",•·:-· - . :: . . .- .. ·-----
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additions a.re made plus a linear orderi~g cost for each item, 
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are considered. Conditions 
opt:im.al policy with a regene:rat.ion .·· 
. . '' . . . . ~ -· . . . . . . ; . 
:r,try~rty if it 1eaa:s t0 reer(ieri_ng at. times t 1, \f t 3, 
.· ~a; e:reates. a S~e~ b,:i,"$-I;;e;i'y' y.{±l Ma e$eh irttervlll {t;i, 
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·solutions. · 
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du.ct.ion in several different fa,ciliti,es at1d <Pl~cewise conotlve 
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inventory co~ts., .· ·· s;;E'he interdepend~nce. of products· here is. base:d . 
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··upon· one facility--_requi.ring the appropriate products of qther -.··. ·-
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little a.s 
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_Sin@e :Fa.cilit7 .. ·Producing One Product_ at··a '11,i-me .· 
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the li,ne; in batch :t.ots~ · u.si_ng ·se-tµp e·o·st a.s a criterion. 
·. ·.~-.;; ··--~ 
:2-~ · Deterunini.ng the economic bat.ch siz:es ®dt,t·he .. n11:rnber o:f 
•, . 
. . :-- - .. . 
rtlilS to be. made tcr_ meet a given . dema.nd and qJ3:i~g ?:'ate 
- . . . . 
••.•• · -- .......... [, • ~--,· ,_:,.. t ••• ; : 
"4.• • 
. j. : Dete.rnti.ni.ng •:tJi~ ee0n.¢,nn-c·''b-uffer .C?·S.J})'8XJ:f11a£·es·.··tt>. pr:t)nde. 
~ ' . . ' 
betwe:en prod.uction· s·t_ages in .the line.· 
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products into the l_iµe ·by u.si.ng the- as·s.igmnent aj.goritb.m. o·f 1inear· 
,; 
• . . 
pr_ogramrn;i_r1.g: to mi-nimi.ze _the .·~otal s.etup costs· :fo:r :the .en11l.:re· 
.> . 
.. · :~ichedul~ o:f .products within a give·n demand._period. Re_ t1:ten U.$~:~ · 
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id.entieal ~rrufa.ctl;Wing) tiriles · for all it.ems. 
,_ ' ' ' . ' ·.·,:. . . 
l¢a.s·:t:o-· simulate ·-a production inventory .$ys~em with interactions 
. . . 
_ _ .llei;ween the . sto,ck\age poli qy ~nq._· tllite :J?(aplen:ishment 
· -. -·. ~- cne·ek. · the results for certain c~·es :EJ;gE3.inSt 
o.......c...- •• ,...,. 
. 
. . 
· P~Fftlle:F ~,all:tn~. s¢ryieuig Ji>rlP:bc;J.eni.8:,F 'a!:! ~tfe·Cts • @n average · 
' 4 
' . . 
. --c'"inve11to~ _lev.els, .fac.ility.utilization ane1.·the \:proportion. of lO$t . 
~ ; -· . 
· -s~les: _ are gi veh for -varia.t idtis" · in the replen:is];r~ent er<ier :s~ z<; . · · · · 
· Pa.rson·s17 disC!usses the economic lot sd.ze. formulas·-~·lra~-d- qr1 .. ·. 
b:crth.. the dlassic,a,l arid tlle· prc:>"ducti.·on · le:aa:· til1lle j(nveni:Je>cy tci(;lc[elS .• 
. . 
) . 
Actually, it -is . only hi:s·, treatm.e·;nt · o:t the, p_roduet_ie:n le-~<!: t:i~ ·• 
~· 
•, 
lllOdel that considers. the s·i!].gle facility pro·duci~g many p.rodu·cts. 
),;.· ...... --~ ... .... --- ~· . ' - , 
~-:- . 
·In his- .. d:Lscu.ssion of the ·class·ieal model, ,tll.e-- -interacti"c,ri of 
"· 
•.' ·. 
p:ro.ducts is b~sed. upon the: --.limitations o·±' resourses. 'Fhe classical 
· .:method of _determining ecoriomi.c:- .lot, sizes does not :consider a:ny . 
. . . . 
. 
--re.strict ions on available -~es·ources. The author considers four 
' types1 of restri:ctions an_d deV;elo:ps 'the c_orres:pondi~g. e·e.o:qomic . 
. 0 
·1ot size formulas :usi_ng tlle method. of .~.agra~gian multipl~ers. 
·-- t ·_ 
., . 
·.four-types, _Qf restrictioµs· are: 
.,.- . 
,, .. 
·. ·.;_ 
·· · · · .1.. · [(ti~. ~Jp.1a.l. li-~er . ei' !!e~;u;p ho't!t~ ,-~'V'aii..l,~l¢. $'~ .. ~A. -
. ., . -~ L,: ,, . . ,, . 
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The 
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•. ··-· ·- ,._ ,.... ..... • -~·: .• 1,· ~ • __ • 
__ :.__ -~ ---~ .. 
· the j~eliuced.: s.tocks is limj:te<i. ; . 
~ .. . . ' . . ' . . _. . 
: :- . - .. . . . 
. "· . . 
· 
1Iillte -·1res·tr:·1>ctions are. consi.d.e;~e:d. o:ne·-~~~ .a t;;Lme, ltttt · it. is ·p,($[n:ft;eq. 
- ' .... :~·.,--:.; ··-.,,'"f:'· i·-· ... ·.:.:.':!.''·~~·:-.·::O~i·-~'·· ~-,,," .,,.-,' . . 
that t'ne ·sJ:Jfttle m.etnod ¢,ml· ~e used when mere tna~rJ.·. e>ne restrict:i.en·.·· ... ·.·. 
--'---·.--- .. . ' j~ ' ·. . . . -- ' . 
' . . 
It is· assum.ed that bae~ orci:ers. er , 
. . '', 
· .lost· sales are not aa·iowed and· that ·production a.nd dems.n,d. rates· 
---~---.~-· 
. are. bwlll and const-ant. · 
•t• ' ' ._ .,·, . . . ·-· 
·- -.-· . 
· .>\~e;s.. :i-nto consa deration. ·t.:tie :. ~aot . th ~t re·pl:~nisbme11t' · :i·s,. '.J!J:o.ct:r, '-.~n~ · · 
"· · .................. · .. 
An · equa,tion · for the total variapie .cost per year is 
- .. - -· . . 
.. ·-· 
, developeq ·w}?_iqh employs a .cycle tillle, T, in which ·every 1>rod~et· 
·will. ,be run ~once·. To· have s.ufficient ;producti:on .c.apaci.ty for 
all N preciuct.s, the ra.tios· .of\ t·he· demand :·rate per item to t:he. 
. , .. 
•. <..: -•. 
to· one. The author a.s;sumes. this and ·proce·e·ds to fi:n<i ~he. o:ptimal . 
- . .· . ·- . . 
• 0 • 
· .. cyc·1e i.e~:gth. which .. minimizes his total vari.a"b.Je. cost e.qu$tion-. · ·'l'h.·.e 
,· 
. . 
i.ndividual opt·i:mal lot· sizes are ·then ·aete~ned by .multiplyi~ng 
. t~~· :resp€tctive · ~ual d~rmand·-rate per .yea:r -~y tl:re 
. . . -- ' ,. ·- -··· .-_ . . . . _-: - '·' . . ' -_ -- ' ,, 
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· · elaa,si.cal ~~s~:t the autb.er 
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· ··interaot in -yllat restrictions a;~ permitted 
'I. 
and on order. a.fter orderi~g. in . each. pe.riod .• 
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· · . 1. Neri"~s.:ta.tiona.ry line-a.r -orderi_ng ·cost;s~,•-· 
:2 .. Non--stationary holdi~g. and sho~t~ge · cost:s •· •· · · · · 
. ' . - ',, . ' - . . 
. ·- . . . 
- .. ·----~ 
\ . ·.· . 
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4. ·. Non-station,a.ry restrictions 1:i.ke· bu,qtget anQ. s 1tbr~ge 
.,.,r~-
.· -C,- - . I .limit atlons . I : 
,\ . . 
-5 •... General demand proces.s. 
. . . . 
. . . ( 
·6. fartial ·or compl.ete· ba-ck:logging.,o:r. unfilled. de:ma.n.d.· 
. ·: ·' . ' .. . .. . . 
The . author gives ·t~o main -results. · ·Th.e fi:rst ·is for the-
,-.J· 
· case where. tb.e .demand vecrbers in successive _perio~ ·a.re ~toch&Sv-:i--- · -·· 
.. cal.ly independent and there are no .. delivery -la.gs. In this- c~~e 
.. ··--·· 1" . • . 
... ii is sup1>osed that a vector · o_:r inventories , y. , can be·· ·aeter;mj ne.a · · 
. .. . 1 
·· that minimi .zes the · expeeted · cost incurred for each period i ·when 
I • 
.. 
'cionsidered in isolation :from -a.ll_ other .p~riods. rt is then s.hown 
that if it is ·pos,sfble to ·order· in periods 1,··.2, ... ·. ,~so th~t the: 
' i 
. ,. 
\ 
' . 
- -· 
s 
....... , tlierr t;~~t .ordering· polJ.ey~:is ~ opt~Jht3,1 for the 
. - . . . _. . • . ;· - . - . ,-, -.,,·, ... ; ., --,,· -
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st~ge · tno<le1. .-~is . res1J1t .. "····-solv~s 
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.. /~ystem. wherein the products share -time .. on the s,ame machi.ne . 
. - . --~ . . 
J 
gr0up ef maoh-:blil:e.S··.. .It i:s MS'lltD.ecfi t?b.~~b there is n.o. ~et11,p ·t~e. - .··.· 
required fer cha.p.ge. over from one· pr'od.uct· to .the ·n~xt ,~ .. that .:input 
.r.es=om-ce, 81-!e _c@mpletely tre;nerfe:Frable .front .or1e pr0duct • t<i. a.nG>t11¢w;, 
~ . . . ' . . . ' . . . . . . : . . . 
. . 
is us:eq_ to -mini:mi.ze t-otal ·costs· c_onsi~er&µg,:_ 
. ·~ 
··1 •. - Line.at ·production .·c=bS:t , · .. · . · -· .· .) 
,2. The. :inve~tory cqst~.:. ov.e::r-· a :~r~l.e_,.ct~d t'.±me -i1eri(;)~,- · 
. ' - : 
: .- . 
w-itl;J. ~ .. k.n.·own initial._ inyentory ~ . . ···--··,~-=-. , ,. ~--~-· ....... : 
. . ..,-..... 
'I'h~ l:l.118.lysis 'b~ginfl 'by oons ideri.ng the finaj. <lec:l.iiti.on f ot the n:tll 
. \ 
. ' . - . ~ 
production;· ·-peri:od- ·an·a _pr,ogresses ·t·o a one-di®nsiqnal optim~· 
;:_policy for ·all periods. 
'" - . 
,spm-re1120 de:scri"be~ .. at ::siIIJ.p:t.e- ;In~vhe>d_ ()f s,toc.k control and 
' .. . 
.~:che_duli~g ot ·a :mult1:_product i-nventory· ·sy,steltl. Th<= prpblem. con~. 
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.. -side~ed -is that ·of' plan:Iil_.ng product-ion . for a ·perio<i· alread based 
··-----,,.--
'. 
upon a· r:egular review of,.~av:ai.l.al>le stock arid limited production 
c.~p~qit,y •. · _I.f ~it· c~ .be· as$,1J:tned t~hat- both· tl.:re ;helai.ng ~o. t}:l~ ·_ 
• • • • •• _. r' - ---~·-:· • ... ,. - : - • • • 
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a.rrd standard devia:tion 
• Thia method: is due orig:i:.nally to S~ncer19 wAo proposed 
-. ' ' . . . . . . ~ ', . ' . ' ' . . . 
. . . ' . 
~ . 
. . . . . . 
· · · . sinµ.lar rule fq:r s ch~:duling pr.0<iuetion of many prod'tltrlls ·with th·e · •· 
,. .. _ - . .... . .:~-· -_· . " ' . . 
... '· · ... _,,-, 
same .sea.son·ai · pattern; he took as his· ratio: r 
(STOCK + WORK·. IN 'PROCESS - 'ORDERS NOT YET DELIVERED.) 
CURBENT SALES RATE 
. -_. 
• 
Winters'~~ lookei at the same problem pf' 'Planning prdfiut!'tion' -~ 
. . ·, - . . 
' 
for ·a period ahead but chose· t~e .lot·. size re·order po1nt--_,111odel trd 
give an appr.oxi·m~te· solution·. --'.Eie. set abo·ut: mcinimizi_ng eX})ect.ed 
holdi.~g costs .sub:ject to ·the constraint. t:hat the sum of the . 
economic· batches ·of those produc.ts which pa.s.sed, or e'Jcpected to 
pass, the reorder·.p:oint should equal. the product.ion. capaci.t·y 
.available. · The effe'c:ts. of the const·raints on the .l:ot si.zes a.I;ld 
. . 
the reo·rder levels were ··eJCa.min·ea, and it was.· concluded th·at· the· 
.. 
better cause was to· fix the. lot sizes ~t the.ir uncoristraine·d valu:~f? 
·and to ch~ge, '"the. ·reorder point~· to db~.ain the destre;·d inve,ntories, 
i.e. , to· constrain only· the reorde:r ·level. The foll~wi~g . ~pproxi-
In$tion· :was··'s.11ggest·e;·d: 
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·s.. -~ Stock. . level at ·beginning . of'. perf 'GlQJ . 
...... . •. -· . . ; . 
. -·.Lo . 
-u~ ·== expected . sales 
1 
...• .J . -· 
,_. ....... J, .... ---.. ,, . 
List -the product·s by descendi~g order- o.f p1-. . . 
Go -C,.own, the list accumulati_n.g the make· qU:antitie;s 1mtil. 
.productiori ca.pa.city is f:Ll=!-ed. ·']he _reorder- poin.ts· 
. . . 
for produ.cts which are not on- tne·--.m~pufacturi~-g lis·t, 
for these ~ill_: generate orde_rs. p~tween reviews • 
-· 
·' 
··i., . 
... 
·1 
·_·_·'--1 
.. 
j 
,. 
. ' 
. . -. ·,:. 
• - r·~·:·,.....• 
... ,~ ..... 
. ' 
facility that_ -is used 
·· . : >~~:UJo_j~il.'l}StJ1itS •.:fi&:t:f ±~ '·~3:'i)O)~f)ei. f~iq, )1;>.ifJ>(ll'lC!;t.s· .. ·~ · · .·· .... Figiire\2 .. · 1;-e;I);r~l ... · · 
· .. ·j~ijf ·ii' t1J;¢ · Ja.d¥~~:ey,-,· fu~out+.of' ~or~. iS;l;a.;it<JnS· f'ori t):teJ 1'&1.ll' .1):t'Qqrtet~ •. 
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' - . '- _• ........ ·. ,, .,,• 
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In_ general the initial parallel stat;ions repr_ese:nt. sut>~:ssemlDly· 
:> .: 
.. 
the ·combini_ng of subs to :Corm .a si~gle uni"t . 
' 
stations include wiri_ng, __ adj·usti~g, _ t.esti_n:g., · .an:d __ l.n .some :ca.se:~l 
more. assembly o:perations:. 
. 
The" _,operations involved in this f·ac.ii·:tty. ar_e·. basica1:1-y -bench 
. . 
type operations.. There are- virtually no machin·e constraints with.in 
the facility; The· supervisor c·an · as s.ign any operate; to any ·work· . 
,st-a.tion within the labor ,grade limitat.ions. 
:. • ·1.. ' 
Start up costs ~ the fS.Cility are reflecte:d in S!n'!all lot 
' . 
allow~ce cost·s .. · The calculation of these. start-~up co:sts ar-:e b~S:ea· 
' . 
upon th·e learhi~g. char·acteristics· of bench type operat_ions-. 
Tbe shop receives and disposes of orders on' a wee~:ly- 9a$::i.:_~. -·· 
' . . " . . , - ' . . . ·. ': ''. -~·, 
·_. These orders · are 
·, ,. ·~·-,· ,•, ' -, ;<" . '. : . ., ' . ., ·,·-,, . 
has been made. t.o. ba.t.ch ercler-s •. 
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facility :for ·turther assembly res11-1ti~g in,w~at . 
. p:r~f~e.u~t< .. $.et • 
T::t1e simula.ti.on ~@de;1 ·at;t.e:ml)ts ~fro ·e:Si~tt-e th.e· ba;s·i.'c. 
· .. { 
. -: ! ' . 
. ..,...."~.,.--- i. ' 
• .·; .. 2. ·· Bench type -operation.s;:' .invol v!.~g·le~rn.:i~g '¢ll..rv~::·pr-g,1e'.f;s.d .. n.g·_.··.• · 
' ,•. 
. ..., . 
' . '.... 
.• 
.. ~-----·:,..-..:.:..: ...... - - " .. ' 
times, 
· . · 3 • Fixed · parallel an.d 
' ' 
', .· .. 4·· .. ' ' ' 
. ·.-~ .. No machir,1e · (!onstraints , . -~ . j .. _, 
T-;bree basic levels of · operator· -skills, 
·b •· Fle.x:ipility ·Of the 'lab'Or' force within:' grade 'l,eve;l 
limita.t·ions. 
In_-.a<td.itiori., rny ~ode1·· inc-lud~.s t.he following assutllptions:. 
-·•. 
·2 • -No initial ·piece ·part short.ages·, 
. J :: .. 
(- ·. 
3.·. Fixed -due dates; 
4. N·o .. scr.a.n ... · · or rework 
.t' ' "'" ' 
'. 
No worker interruptiot).·s .•. 
1·· .··'· 
· The initial .. step ir1 q~e±(}pa;ng tn,e 
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·shown in 
·:rorined.·. ·By·usi11g ,standard rate··. shee,ts. for·each op:er.ation,. 
• ·.-.· • • • -. J • . .• • • • ,- • • • ' •• • 
. -. -
· ··:a. -~f;llD.l)·~e mat.t:er ·to· a.s:s:ign a st,.da.rd op.er-aitl1~ng·. ·t.fine~ to 
.. t'I. -• .,, -~ .• 
. ' . ' 
Plo'OCe',S,Si~g .. times is ·.based upo~ t.he' .folle~ng. le,arnin:g curve:' 
·. . . ," . . 
,·- -· equa,tion: : , . 
·.-.'. ··-.·····, .... -..... 
. ..... -~--, 
·.B 
,Tot:aJ. Time· t·o, Produce. X Units- = .. A. * S * X 
. . .. .. . .·- .·. . .. . ,' .· . . ., . .. . . . ' . ' - . .. .. . . . 
where· 
.• - ;;L ' 
. ·l.: 
s: == :Sta.n<ia.rd Pr.ocessRate· :Per ··-U:ri'it 
'•' •.' 
· X. = :Quantity Bei~g Processed 
. ' 
B- ·= Le~n~g Curve Fact-or 
. . . ' . . 
.. - -'.:.· ;: ~- -~ .. 
. :(·--,.·)· 
.· _-_::.~_:·-. 
. < .. i 
To deter.mine what learni:ng curve :fac.to:r ·to ·u·s.e, I che>se. to 
~----- .. --, 
.  . ' . .. ' . 
· .... _'··cla:·ssi;fy. .. _ the bench work· into one of the followi~g ·tn.re~ e:~t.~~CJr:ie·s·:'.·_ . : 
··b:qree .·. qualitat$y<: :o·~j::~-go:r~e,s 
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Stana.ara. · · .. ·•·. -·. 
·. --. ,, ··, ...... ' . ' ' 
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. It. can . he se~n f:tt<Dlfi . e~qat16ti ; (0I::) . that •. the prba.uct :A X 
the ·time requ.ired to ·process the· fir:st .unit~- Kn·owtrag .this . 
. . 
------ . . . _. 
· :'wqy::td. eri~ble us -to -determine A. Ho.wever, s.ince th:is. time 1s: net · . 
. ' 
... ',:, 
A* S ~·x1 = S * X 
. s · ·s 
··- '' 
·. ,Q,~iiice, -at. the level of pr·odu.ctt()n'. at· x
5
···U11its:, .. ·~r1e. a.ver.age t~e t:o:. · 
produce . one unit e-quals the standard . . From (2.) we· see ~hat .· 
•, - , . .'-
·• j, 
. . . -
· .. The .c·oet of. balding for each pr,c1du.·-ct· and :a. loaded. lab.6,r· rate ··at'· 
. 1 . • ' 
---.. $8:.:oo" per: -~~Jl.F;: were o"bte.i-:aed t:lJ:ro:ugb .t:b.e ac90-uµti.~~ :~rg~iz~t._ion •... • 
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· .I cho-se to p~ogram my model 
· · l~guage .us.ed·.·by GASP II. m~es. t'l1e_. ,J.ncor})oratio~·-·of ._heuri.stic~-· · 
,, .. ·'· .. . . . 
. 
' - . . . . . 
. ·n·· . .. . G· ·!Od6 .· . 
. · sue .. as. ,. J:"ou. · 
. _- .... i-·,.- ' ' ' '.,. 
. 
. 
·. · :Basically t.he GASP :pack_ag~ · relieves the user o.t t:he .Problelll 0£- · 
... havi~~g to provide for. much .;of t·ne icdntrol a.nd · ·"11ou$ek:~epi11g·". 
- .. '. ·.· ... · ·::·-,· 
. 
·'· 
. ' : . . ,- . . . ,.·. 
t:ask:s .. as.sociated :with ·sim.u.lation models. .. ' ' . ' . .. ' .· '':',,~-,;-,-, .• •.;·-i . . • -_: . . . . . ' • ' . - . . . . . . • . ' . ~ ' ,·' . 
" . ' ' 
The·· user must write-
_,-
-
. 
. ,...,.:.........-:": ......... ·-;. .. . ~,,. 
-··co:t:t:trol over t.o tbe executive subroutine. · -In a,ddition~. the user-· 
.. 
:must , als:o writ.e 'his ·O'Wil specj.al event .. s1.fbrou~ine s, w:b.ic'.h .de:sc~:tbe: · 
the .. -.operat:ing. rules of the- ~yste:ni. 
· ·irhe .. ·Model 
~ .:. . .. ,_; .. ; 
The model ! haye writte:n :ts a ~eit~,ev-ent :1;or::1.a.syn.cr.q~ous simu.- -· 
. 
.• 
i~tion model-. · -~y tp.is is me:ant t.hat .. ~the, suntilated· clo.ek ~dvances 
: ' 
. 
£~om .next.i::event. time t.o ne~-event time. in di-scr~t:e time· jumps 
. . . . .. 
. ' . 
:which· need not be equal. • The· i.cle·a ·i.s . that the · stat·e -of the ·· system· .. ---
.. cat!· _OI.lJ-Y ¢:ll~g¢· .. · 1a.t -·event '. t~e-ij, . tlrus . lp.eg~ure s g·f -P::V°~"t;;:~m. :p~rfq;-~~¢e · .. · 
.'i . - _.' . ,·. .• '. :· ~ . ' ' . -: :_. ·.·" .... ''•'· ... :~: .-- :. ,_ ,: , . -· .. . ' .. - ;- : . . . i·' . ' . . - . • .. _ _.. . . . • . . . .• ,·; .· .. ·.· .·- ·-.-.. :. ',_' ·• . -· ·- .- :..-· __ ,- _·,_._. '.·., .. ; '. '. ,. : ~- .... -_-
.. \ 
,, '~ 
1 } 
f 
j 
~-
t 
l 
t \ ! 
' 
. } 
·. 'f: 
' ;: 
- •. ;---;--'° . ' .. -_ ~· - ., ( 
' 
" ,· 
i! 
~· 
,· 
t 
- ~- - --~-~. =-- - M "' 0 -
··t.___ 
... 
. ----- .r-·· -~ --
.. · · ... St.atistieal CoJilput·ation$ · 
C •"• • ;-,.,- ' • • 
. . :~d · Reporti~g -· 
-~c,nitori!D-g a;ad ~rror . 
_· R,eport ~g · - -
Random Variable Generators 
.... -· . . . . .· ... - ' . . . . . , .. ,. ' 
.. 
.......... 
Othe-r. Support :Routines 
r,,,l ..._ 
. ··.·-. 
.Sub·rostam 
E .u .@ F. ii. ' < ... ' 
.. -SUBROUTINE GASP (NSET) 
. SUBROUTINE DATAN (NSET) 
SUBROUTINE SET. (JQ, NSEI') . 
• SUBROUTINE FILElVI (JQ, NS~,) 
·sUBROUTINE m.10VE. (KCOL, ·JQ, NSET) 
.SUBROUTINE FIND (XVAL, MCODE, JQ, 
. .. · JATT, KCOL, NSET) .· 
:: . 
. SUBROUTINE COLCT (x·, N, NSET) . 
iStiB;ROUTINE TMST {X, ,,..T , N, NSET) 
SUBROUTINE HISTO (Il, A, W, N) · 
· ·$UBROUTIN·E PRNTQ (JQ, NSET} .. _ 
SUBROUTINE SUMRY (NSEI' ) . 
SUBROUTINE MONTR .(NSET}. 
SUBROUTINE ·mROB . (J, NSEr) 
SUBR9UTINE DRAND (IS~ED, · ~'..} ·.·· .. •· ·. 
.FUNCTION UNFRM .(A,. B) · . . 
FUNCTION RNORM (J) 
FUNCTION RLOGN (J) .. , 
FUNCTION ERLNG {-J} . 
SUBROUTINE NPOSN: (J -~ NPSSN) 
FUNCTION SUMQ (JATT, JQ, NSEI1) . 
FUNaI1ION PRODQ (JATT , ... JQ, NSE'I1) 
. ·FUNCTION. AMIN ·(ARGl--', .ARG2) 
FUNCTION XMAX (LARGl, LARG2) 
. FUNCTION AMAX (ARGl ~ ARG2) 
-~ SUBROUTINES.AND.FUNCTIONS USED .IN GASF 
'' ' -· ' - . . . : - ·' - ' ' . . ' •,, . . - ·' ' ·_. ·-· ' '. ' . .-. ,. '. ' - - -.. ': . . - · .. ~- . 
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~- ·- ··-- ---~··· . .~_t ~ - ~ •. 
.. :. ,._. -._,_- ·.~ . . 
. '":· 
1. · Arri val of ··e,· Dem.and. · 
· .Attribu:bes : 
.. 
. ·_,,, ____ r·-
··· ··:.( O_ •. ··.·•··· .. )·.· , ~,.e·· '.",;I..· r'1·A··.·a.·.·. ·.:e···.· .· C. _ ~iv ·: ~J.~ Vv 
.(4.) Order· Quantity 
~ 
· , ·' · · 2. .End. df' Work. S·tation .S:erv:ice .Attr-ib'll.Kt,e~ :, , .. -. ~ . _\_ ~ . 
. . .,Cll 
·3·.·.· 
. · .. ; .. 
·:-.··_:. 
(1) Event Time 
( 2). . · Event Code 
·. ('3) Product· Number 
.,. 
(.4) ·. Ord:er Quantity 
,.(5·J Station ·Number· 
" 
Attributes: . 
: - . . . . 
{1} · --Event Time 
{.2} · Eilent ·Code 
- . ~ { : -
-~- •' 
__ r--- . ,·. ' 
·-,::i;; 
.. , .. · 
;.-:' 
-
- . -. . . . 
· .... wec_ess;a;ry. ·. · ..
'I'he. Addition · of·· Idle 
. -.. ••' .. ~ .... . . . __ :._·~...:.__ . 
·-.. :·-·. 
•- • c• 
.. :':- (:2)· Event. Code 
···.·• 
t""." ~-·-.--· 
Two· of ·the :most import.ant tag;ks in· "1:>:1nrul.atton. modelip.·g -~e.·• . ' . ,, . 
-~-.. "-
·-· - ,.·. the identific·ation ·· of e·ptiti~9 . and the·ir. ·att~,ili>tt~es :a®.:cl t~e ·. t{od:iitlg · 
. . . . .. . . ·, 
. . . . ' . - . - .. . ' 
'. . . - .. -.. ~ _. ', '.-.. ' 
·, 
of 0,;ttripp.te.·v~iues for the charaGt·er,±z·ation o,:f sy·st:em states-. · ·Irr· 
•. 
r,1 
my model the entities are .the t·hr.ee skill ·:leve.ls of ope.J!ators 
- . 
~vailable to· the . system. and the work s·tationJ3 .• 
. : . By fixing ~he total number of operators available·· to the 
.. . ' 
. ' 
. . 
... /· -... 
~ystem at thirty .operators, we·-, are. e·ffectively limitiµ.g weeltly 
produet ion capaci·ty to twelve h,md.red h.ours' of. producti:on. Gver - .· 
•, . . . 
_the .yea:r in which ·the demand . data was colle·cted, th~ s:hOI> operate:d · 
at .-this aver:age capacity leve;i_ .. The thirty op~rators are· di--s.~ · 
'I;., ' -· .. 
.. " tr,i bu.t~d . over · the t·hree· gr1cle -_lev.e:ls: · as follows : , · ····· · 
,---
. . 
- ; :~rade ·1eve1 . 
. , . 
ii 
~ 
' . 
':). 
.,, 
·-··-
·:t;.._ . 
... -. 
.. 
·• • • .. ·--··· •• _·.··c--_·· . . V . . . .· 
·. · number of operators· of each. -~ade 1.evel who are not .bu~y. 
' 
GA.et v•iable.:s. · One. :aava.nt~ate · of th-is pr.o.ee·g:ure ts · the a~tom.arti..G 
. tec:ord ·ke.e$)i~.g of ·the .aver.age· ·and ·star1dara> dev~:atf.©n::o:r·the.num:ee,f· 
.. •
'Of su¢h entities j_n. the· ·-system. · .Al-so; tlie. :rnetht)d· ,in which these: 
~ . . 
..... . . 
. i -·· ...... 
entities will be: .filed c~·be :_·specified. , For example, irt a simple 
·.. . . I . 
. . . . . . . . ... qtteuing: syst.em whe?e ~~.stom~:rs. are arriving _by some rand.om proc.ess 
- . . . . 
. . ,. __ - - . :· '• ··. 
. ,, . 
f• 
..• '· «-:,.-. ·-a ~file ·could be establish'ed to ·store tne~num.ber of customer:$ in· -. 
' ' ' . 
. . 
the queue on a first come. fir·st s:erv~ .. bas.is ... ThuJ~ -the. pr.ogram -
. 
. 
would. :automatically _file· :the cu:f3to:rne:rs in. orde:r of t .. heir arrivals·. -
and· at tbe end of a ,simulat.idn run we wo"U.l.d- be· .giv:en--the aver_~ge 
and ::$t~dard deviati()n .of the ·riu:Iµber ·of cu$tom~r~. in ·t.-he'· queue.: •. · 
~: 
However, in the ~cia."Sre of the work ,_st~tipn ent::bt:-ies .. ; · I ,aho·se · to 
' _.. '. . .. . 
use a non-GASP variable matrix to define t·hei-r att:ributes. -· {['.here - . . ~ ' . . . . . . ' . .. . . . . : ,: . . . . . -· 
-were several reasons for ·this decision. -First· of ·all ·the .number · ' ... · . - ' . - -. . . .. ,. -
- .··. . . - -.· .,, ' . ' . ,, .. ,· .· 
.:, 
_of wprk · st:a.tj.o:ns and their_ reiat·iv-~ J}Qeit·ions_ do not._ cha~>ge over 
.the. course of a $imulation run.· Thus, 'th~ adva.nt.~ge's .of usiµg 
· . :_(J:,NSf . V:W:~~llle s as mentioµecii -a:be~- ~e · riot : n.tpeEled ": · '.. :)J:I· a.da.it:to~., :· · ··._ .. -
-< ... ,· ,. :.' ·. / . . ' ~- ·: . ,. ,:.. . V,. ' r-· . .,. _-, . • , ,,:·. '"·; ' . , • ..... ··--: .. C , • .' I.- . • ,,. . •• , -- •. 
·,.,;.· 
.· .. · -.. . , 
( 
-Attributes_ 
.- . ,. . ., ' .. ·· 
St at i:on. Nittuo.er 
. . . . .,- ·'";'"' ,.--_·' ,· ' '. 
3 • · · :Qo_ant i.ty _ c,n Ha.n.d _ ·
·., _·. /' '_· 
~)-.... _ 
. 5. - · Labor Grade Code 
., 
'7 • Time· Since Inven,tory Last Chapgea 
' 
., 
8-12. These ·at:tributes identify. if a .. station is,- an initi:al 
<' 
st.at ion_, ··:..irlterme.diate, or 4 fiI1;al $Ssem.bly staticir:t' 
. ,. . . .·-
' 
:stations, :if any._ 
. . . .... -~-
Lot Size Currently P.eipg Wqr~ed On· 
.14. Inventory Availab.le· to ;Mee~. Order·s 
15.. · ·succ.e ssor St_ation N1m1ber 
. . ... ··.- .-:~ ... --._. -. 
,..! ,· _,,,.. ......... ...;.··· ---, 
·16·.· 
17 • . :Maximum NUlllber of Ope-:rator~ Allqw.e-d a.t. -Statton 
.. ' 
·.18 .• - · NUlllber of ... ····Gra.de: -·1 Opera.tors· Worki~g at Station:--···---'.'· 
. . 
·19. Numb.er . o.f -Grade 2. Operators Worlti~g at .Station. 
,( . 
,. 20. · NUID.ber· of. _.Gr·aae 3 ()pe:rators Worki~g at. <Sta.tion 
. ' 
· ··2l-22. Inv~nto:ry Be·ct.sion l'aram.eterf$. -
' . . - ·, 
.J. 
I '; 
. ? ' 
.· 
• r ..:...;.....:..,...;..._ -·-· · -·-·····--··-·· -----·· · •····•·---·•--·• -. ·--·--, ·-·~- ..• ·-;-:_:_::;.•· .. "•:::!" -- •·-r,,, ·-·- ~ .. -_;.. _-·:;-•·<•• _ -·•·• ···-·- ,_.__.., __ ---- -- --·-,·-~---..--'" , • ··-·• ·-•·-- ··=..:..,.::_::::::.:..-..::;-··~ ; ·--·-··· ...... ·-----~--· 
i 
l 
! 
l 
I 
. i 
. !: 
1: 
ii 
.. · ~ 
f 
' 
J, 
! 
! 
' 
' 
t 
+ 
. r- . 
·. _ ... - ·- ' 
one-s 
til:tle w~ch is ~ept · -0y··'·t~e ·-·GASP.·•·· . 
. · v~r-:ia;ble TNOW. -_- For example, at. tJ1e :.end ·<Jf · ·a S'e~tice· at a. p~ticu.1.a:r .. ·. 
. . ' . . ' . . - ' ' . ' . 
·. to .• be- incr:~ased by the ·:Lcpt ·size, -attribute 13. _ hiez- te cn~sl¥$ · .· 
.. i;b:i,·:$ . mvento.ry s-tatus we know· that whateve-;t"llinventory was on hand . -·t·'·- -~. 
. . . 
-• -.· was .. on _hand. for. the· t:ilp.e TN-OW -- ·Attribute~- 7 .. _Thus -tire·- in-pr0ce._~a, _· 
... ~nve,n.tory c.·ost is calculated by:_ 
. . ' . - ,• . 
.. 
·. . . ... ,• 
x-. · ·:~tq>:~-t · 
. ··----.--- . -- ·-
. . AT'l!RI:BUTE -3 ( TN OW-ATTRIBUTE 7) 
We t'hen. store tlle time T:N-OW ir:rpt>' ·Attribute 7~iticr:ease the inventory 
·GJ·~> hand and a.r~ thus ready to calculate ·our next in-process 
' 
·_. inv~p.tory cost prior to a cha~1ge in- tllis work station invento:rr 
status .. · This_ gives what GASP c_al1fs_·:~i t~~ int:egrated., statist.i¢ · ,·_~ 
't. -
": .... 
. . . 
an.4 J1.pplies here since we are not. just cbnce·rn~d with the -J_evel of -
,I . 
inventory but also wit.n· the l~µgth: of time over which this ·ieve.:t. 
-~ 
persisted~·. 
. Wb:~:n a s.::tfa.td~on is · busy, . tJ1e J;>i.I~y ·. eod~· .· $.:;; 
.-~-. . 
~ .. •' .,.,., .... -~' 
. o,,-,.~ 
.'-'-_ ~. 
. . . 
... /SUBR.OlJT fNE 
•; 
·-··, '., .. - . 
CU ... ··p···.T.·ul· ·,. : LJ.£J 
. - ··-· ~-I . 
.< . r ·. • •.. • .. > .. · ·· ... · .... ·. . . /:. ·.··. > .·.· .. ·· ... giyen · .prsduct • 
. . . . 
.. 
.system· it. 
which effect ·. the 
Pr.©cess·e.s· the l~lld of ·serii:i.ce at a 
. . ' . - . . ' . ' , 
. . . '' -. '. \ .. . ~ . :. ' . . .. 
.•. 
CaJ.culat.e··s .the< e-n'd~- ,@.f 
' ' ., ,- . ' - . --·' . ' .. -. - • . ,·--~ < . 
. - " 
d.at a 'collect :i.:on • 
'' '', ' . ' ' ' .... _, : .:-. . . . ' . . '., 
Checks· for .·_i.dle . pJf)eratorf> · ·co.uld · be .· 
· .· assigD.ea. t.o. {' ::_busy work sta,tions+i.~Jlii:e1}1 
-:- : ·. . . . . . . . . . .. . . . . ·, .... ,,.r···1 . ~. 
do. not have.~ a, ma~imum· wqr:k torc·e assignte.{!. 
. . ·- . . ' . ' - .- ·• . . 
.' . '' ' . . - ' . . . ' .. -
.J ••• 
Calculates the . earliest start,. ·date :f"or 
· ro·11ower st~t ions ~ . 
. ' 
.. 
~a.ch s11brout ine w·ill .j.~w be de scribe·d · in sdnie. · det~ii· ;ir1 t-he 
· order_ given · above •... 
·,SubroutinEf ·.ABRIV 
,-- ... ___ , .... ,.. . . ', _,_ -
J· 
.J• -· 
-
/ 
--~,r . . 
-- .t· 
. '· 
:, 
,! 
. .• j .. ·- :· ' 
. ' . 
. . .. :.. . -'-t-'~ . . 
- ;·. -
.·identifies 
produce to 
. 
determine if end. of service time"s-- can· be s~heduled. 
· : Tllis is· date_· by .fi-rst .cne.ck.ing the~-, statu~ 
' . . ' . - . . .-
. - -···-- . . .. -·· j_ .... 
. -a·.work st:E3.-tf~N.-- iS·:'~busy t:ne· prcf;er._fo:r-_ ·that 
. _·S..pe:c1.a.l 'queue ·:tile. . If'. the sta.ti·on is i<U.e tne ·avaiJsalbility o.f· · 
• Jo. ~ -
. ' . . ,,{ 
. -
. . 
· -parti:c'ij.]_·ar labor .grade leyel, the· p __ ··-~_ogram .. vti.il._att~]>t __ --._.-··.· to as_·s;.i~-
. , . . . ,_,r-·· . 
.- .,.. ··•' ... 
· ~p:erators o:r. that _grade level tirst and ~earc}J. the· 11:igller levels · 
- . . . 
· orµ_y it necessary~ · The pr_ogram will re:cord .exaetlw how many · •. ·- ,, .. =.~-.:.-!)_: ·:'.. - . 
. o:pe:rators of ea.ch grad(i· ·1evel · .a.re· assigned. to· a. worlt statt011. . :Et;'.: 
. . . - ,- -- .,,,.,,,. ____ . . 
.is possible, for eacample' that a particular· statton 11,1ay·c8:..ll for· 
.level :? op-erat·ors· and may allow a m~ximum, of tl.'lree e>petators to·· 
·be a.ss_igned to. it,. If at the time of ass_ignment th.ere were only 
. . 
. 
. 
. 
. 
one· l_eve1 two- :and one .level ~t'hree ~ operato:r ·available~ the pr_ogram 
· .. 
. , would assign t_hese two opera.tors to this 1station. 
• • • 
. • I 
Thus .the 
. . . . . . . ' . . " ~ 
< • • 
.• if .. 
st~tion. -end ci:f, service. 't,ime would be calculate& --bas'ed u.pon. two: 
·--•-'----,-----~ 
.• . 1 . ' 
qperato:rs being·. at the work ·st.atfon •. 
: - . ' . • . . .• '·. ·1: 
,· 
. . 
Havi~g deterDlined. that the stat.ion is i·a:le and· that• at le·a.~ · · 
· .. · o~e . oper.~tQ:r. is availQ;b.I~~;··::~· ·e:aJ.l. ie. Ill~e tE) S1;tbr9ut$ne SCEE]) to· · . 
. ,·. . . ~. -· .' . . _, . . .
- ,•, , ' . -;~. :.·- - ' . . •: ·, ' . - . - . . - . ·. ' . '• - . . . . . . .. ,·. . '. . . 
_.;.: .. t-•"_.,; 
. . .. . 
lower_· gra.de 
. •· -- . .. . 
. '· .. , 
' .. 
. .J -· 
.• 
~..;(· 
•• 
·, 
' 
"i 
Ji 
:~ .' 
! 
Yes 
--·-
•,;.~-
,-
Yes 
Station 
Idle? 
Yes 
Operators 
Available? 
Yes 
Determine Order 
Qu.ar1?t:11:ty4 
€al±:~ Su.1:Sroutine 
.-, 'a ..-,.,.• 
·sehed·. 
CalLIL 'Subrout.ine 
(CUP. ,,'"w~ 
I~ 
Station7 
Return 
~ 
.No 
Place Work No 
• Queue i-n 
File. 
... 
·FLOW CH.ART _OF:: SUBROW-INE ARRI'\T 
?· 
£: , 
ff 
t 
r'· 
, . 
. , 
,. 
t 
t~ ("· 
' -
.'.'· .... 
. ' -l 
a ' is made •·to subroutine 
. . ' . ' . ' . . - . -
. .,'-·_. . . .. · . 
' ' 
· the ea:r-liest· start tlllle for the ·immediate follower. st·ati.ons .. 
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· · · Subrtru.t irie ·ENI>SV 
,I .·_.,.,• ,:•,.• '•-, ',-"'•. ·,... • , " , , • 
This subroutin•e h~dies. .t.he acljustment.$··t-o be·.m:ade t0 ·t.h¢..: ·· 
·· ,. $ystem e.nti~ies as a result of an end of servic.e at a work .stat.t911 .. -~ ·. 
- . ' . . ,._ ".~. . 
. __ ,-, 
' ' . ' . 
F-igllXe 5 reFese·nts. a flow chart of t·h:is mjbro:tit:Lr.ie,. 
· on· tb.e nUirlber JJf' oper:at.ors i<fle in th·e: sy·t:1t.'em.· a.re 'C®1:tecte4 tor· · 
·.··4 . 
·;txeed_ up operators. Statistics· ·are c:c).llect.ed· e>n the in-pro.ce.ss· 
.·. inven:tory at this ~Y-~tion followed b:y an increas-e ·in· the i:n.vep.tob·y •.. · ·. -· · 
· · on -hap;d by t:he aJJlount -of the order size.· -Next tne qtieue f:it~~. ~re · 
cbec·ked- to determine if any ·work\_can :be. st·ar:ted. as a result of 
.... -{;_- ---"! 
. ' . 
additional Of)eratorp be.i_ng ava.ilable. If there are orders w$itj;rJ.g·. 
- - . - - ... _ •. ' ·./ -
tq 'be .process~d a call is _made to suhfeut:i.ne SCHE{IJ :f~ll.oweti by-··a 
- . 
· wor·k . ·order-s in·. the . queue .-ar·e depleted or .tJ1e operators· available · 
. '' ' ·. - . - - ._ . . '- - ·, . . . ·.~ -. . ' . . . . . 
' ' 
-such- work' w-e ':fill :t:l;Sp:i.gn:eli. '.A:h tl.lJ.$· o~~ip.1:;.:' c.0t1.t:re1 ·j_~ 
•• '' ' ' '. _. -, ••• • ' •, ,a • ' •• ' ' '·.' • ' ' • • ...... ' • - . • - • ' - . • ' ' • . -, , • -· • . • ·-· '- - -. • ' -· '· ••• 
e ;..,.. 
. ·~·~. 
.,· 
}·- ·. 
,,, 
Set 
to 
Idle 
Station 
Status 
Adjust 
Work Force 
Adjust 
Inventory 
Collect 
Statistics 
Queue 
Empty 
Yes 
Return 
'• 
Work Be 
Scheduled? 
es 
T 
iri.ow 'CHART ,· 'OF SUBROUTINE 'ENDSV 
', ... ~ .. 
:mzi.mire 
r-' ._--. _t:);~ -- . 
. ,. : . ' .'.' .:;_' .. ,, ·. - : ·- ·. 
Call Subrout 
Sched. 
Call Subrout 
CUPLE 
J 
I 
. -· .. L:r- .. · 
-- ·-··---'.~.J' ··-
·' 
. ... ..... ~.:- .~; 
u • ~, --,· 
::, .. 
! 
I . • 
J • -~-- :·,: 
. Subroutine ·. SCHED 
J . ., 
~ :tsnetI · ~a\l;~t ffa"¢eri.to1'f ·.· .·. 
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C. : As point~G,l out in 'Chapter IV, R~e 2 tended to proq11ce. 4-es.s. -°pateh:i.n:g· .· 
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The - -~ objective -of th:is- thesis was to develope a 
-• o.f_· -~- actual s:El.op to be : u.~e~ a.:s --a. vehicle . 'f'Or __ testing a variety <:>f ·. · -·--_ 
p:r.eaucti.on and. invent0ry decision rules. _ A comparison: of these . _ 
II ' •· ' . ' 
' 
. 
. 
rlil.es ~d the _effect of a -c·hange -in the -elem.and .. data are con~-ained 
' . 
•, . 
~; 
_ in -the preceding chapter. A. s1:1:m:mary of tb.e -re.s,~i-Jts ef this. inves- _ · -
ti_gation is presented in· -the _f'ollow~ng par_a-graphs .-
The application of the most_ si:mple_ models_ an_d -h~11ri,st·ics to: _ 
~:e>lving complex p~oble~~·:can. often. be -the- best stra.te,gy in:that-
. . 
~ .. - .. · . . 
any improvement in results obtained py a more precise- model may -
-n.ot be wor~h the added expense and diffi_c-µJ..ty involved ·with 
"· . . . 
developi~g and _solvi~g the preci:se ·model. ~ this inveat,iga.tion 
t·he. -simple WilSOJl - !eli~P-Q model performed- best overall; within the 
"• .,, 
"i~.-·. / 
·category of ~oading models, the two heuristics developed by Mr. 
John O'Leary -performed better·· than th~ multiproduct and si,.ngle 
. "">:<"ot"''''''" ......... 
product dyna.mi c progra,mJ!)ing mo~els; in the category· of· tl).¢ sub-
a,ssembly~inventory models, it · was · the :no --ba,1:ich mag.el that pe::rformed 
the, best. It -is believed that a precis~ 1$.'Q.lt,iproduct- .in~~ntory 
. ;. . - .. ··----·. ' ' . 
. 
.. J.D.OQ.el· with bui:tt in labor co:nst~aints would perform in a.mazm.er -
- __ $im.i1~r -to • the Wils0n -ni~~el; -t,he d.evel.qpment ang.. tes-t?:ing of sµ'2.bi 
a ;:1ngqeJ.. w-~uJLd provid.e -~ ~xcellent __ ex.tens.ion 
: ~~-.:-, . ·. ' . 
additioi;i, -these 
) ' 
) 
. ' 
-" 
' . 
. · .. _ .. _.,:. 
·. \ ·,·:. 
j • 
. . . .. . 
· .,' best results and. that~ the te-sti11g of add.itionaJ. models. should .. 
--~,.. . . ·. . ,. . ' . .• . . . 
iscl.ud.e s.dme in 'this e~tegoey •.. 
.. 
The ·effect ·of l.earlling upon .a s·hop which·· i.s··· prima:rily 
. ·-·-···----···--·· . . 
_,:----
: c.if benc11 type operations .e,an. provide :management · with tbe ·P.ote:ntt84--· 
te significantly r..eciue.e their costs ·of ,produ~t1en-.. ln. tni·s inves- .. · . 
. \ , 
·J tigation, ever:yone of the .fift-een rule,s .employed .reduee·d productie>r1 .. · ·· · 
. ' ' '. 
·---:i--- - - . 
: . 
··'··-·.l··· • ·. 
costs • The ·batching of'· the input stre~ by us:e o.f tll:e .· loading 
models reduced production cost·s to such. a.n · extent ·that;· even the· 
··_#;.,_,. . · .... 
. t'.he total ·cost of tne no batch produce to· order policy_. · If 't-he . 
management of this a.hop could tolerate the incre:ased flow ti:tn.es . 
. I . . 
and late times resulting from the:s·e mode·1·s · t:hen ·th.~. appii.c::a,tion. of . · 
o~e of thein would be the easiest a:nd quicke$t way. o:f' iIIlJ?.rbving , , 
·shop-' performance. .. 
This inve·stigation- provides a.riot.her exam.pie.' of h.ow .s.illl.µ.lation 
caJf 'be used. ~s ·a tool for evaluating ,alt,ern·ati.ve appre>~eh~fl .• to .. 
dollar value on each of the criteri.a used for evaiu,tion, the· l.l~.~+, ... 
'in,tt$:t~deci(fte_ t.h~ · e:mpha~is '.to be pl~ce.d upon ·e.~e~.o.f_:th~-. criteri.~- · 
. . . 
--- - -- . ---- --...--- ~,., 
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